Background
==========

Hepatitis B virus (HBV) infection remains a major global public health problem, especially in developing countries, including China. Chronic hepatitis B (CHB) is an important risk factor for developing cirrhosis and hepatocellular carcinoma. Therefore, the goal of CHB treatment is to delay the progression of the disease, reduce the incidence of cirrhosis and hepatocellular carcinoma, and improve the survival rate of patients \[[@b1-medscimonit-26-e921487]--[@b4-medscimonit-26-e921487]\].

In clinical practice, the existing antiviral drugs of CHB mainly include 2 types, one is immunomodulators, such as peginterferon-a a2a/b (Peg-IFN-a), and another is the drug with direct antiviral effects, such as nucleos(t)ide analogues (NAs). However, due to the persistence of covalently closed circular DNA (cccDNA) in the nucleus of infected hepatocytes and the lack of therapeutic drugs directed against cccDNA, complete elimination of the virus from the host, i.e., complete sterilizing cure, is almost impossible to achieve clinically \[[@b5-medscimonit-26-e921487]--[@b7-medscimonit-26-e921487]\]. Therefore, the concept of functional cure, also referred to as clinical or immunologic cure, was recently proposed and widely recognized in the clinic \[[@b5-medscimonit-26-e921487]--[@b7-medscimonit-26-e921487]\]. The clinical efficacy index of hepatitis B functional cure mainly refers to hepatitis B surface antigen (HBsAg). The HBsAg load at the initial treatment is the baseline antigen level, and the standard of functional cure is HBsAg load lower than or equal to 0.05 IU/mL \[[@b5-medscimonit-26-e921487]--[@b7-medscimonit-26-e921487]\].

Obviously, HBsAg kinetics during treatment is closely related to the outcome of treatment, and it is important to predict the effect of long-term treatment within a short period of time. A retrospective study \[[@b8-medscimonit-26-e921487]\] found that CHB patients with a baseline HBsAg ≤25 000 IU/mL had a higher rate of negative conversion of hepatitis B e antigen (HBeAg, 35% versus 16.3%, *P*\<0.0001) at 6 months after discontinuation of medication. Another study \[[@b9-medscimonit-26-e921487]\] also found that baseline HBsAg \<25 000 IU/mL was an independent predictor for HBeAg seroconversion 1 year after discontinuation of medication for HBeAg-positive patients (OR=10.45, *P*=0.025). A recent prospective study \[[@b10-medscimonit-26-e921487]\] showed that lower baseline HBsAg level can predict CHB patients' response after their discontinuation of medication. In particular, researchers \[[@b7-medscimonit-26-e921487]\] integrated existing research results and proposed a roadmap for the sequential combination therapy of direct antiviral drug (DAA) (e.g., NAs) and immunomodulators (e.g., Peg-IFN-a) based on HBsAg kinetics. Therefore, the kinetic analysis of HBsAg during treatment has received increasing attention. However, a previous study \[[@b7-medscimonit-26-e921487]\] still pointed out that there is a need to evaluate the long-term durability of HBsAg loss after completion of a finite treatment and to identify markers that predict durable off-treatment response.

Since May 1, 2018, we started to use Peg-IFN-a to treat CHB in The Fourth Affiliated Hospital Zhejiang University School of Medicine (ZJU4H). More than 200 patients with CHB have been admitted. The present study systematically analyzed HBsAg kinetics during the interferon therapy based on retrospective sample data. Preliminary questions and evidence such as whether long-term sustained interferon therapy is helpful to control infection progression, whether the functional cure time is related to the baseline HBsAg, the HBsAg kinetics during interferon therapy and how to predict the clinical prognosis of different HBsAg kinetic patterns were investigated and provided in the current study under the setting of interferon treatment of CHB.

Material and Methods
====================

Study design and setting
------------------------

A retrospective cohort study was conducted using the case database from ZJU4H. Informed consent was received from patients and the experiment in the study was approved by the Ethical Committee of the hospital.

Study population
----------------

In the case bank of ZJU4H, from May 1, 2018 to January 31, 2019, there were 151 patients, with a minimum of 4 time points at their HBsAg levels, among them 13 cases reached the functional cure standard, and 116 uncured patients with more than or equal to 8 time points (i.e., treatment time longer than or equal to 56 days, approximately 2 months). The HBsAg kinetic pattern was analyzed for the functionally cured patients and uncured patients, respectively. Based on the kinetic patterns, a clinical prognostic empirical model was constructed, which was preliminarily validated using 13 new functionally cured patients by May 4, 2019.

Data collection and definition
------------------------------

Effective data included case ID, gender, age, clinical diagnosis, time of detection, HBsAg load, and the baseline of HBeAg, alanine aminotransferase (ALT) and neutrophils. HBsAg and HBeAg were detected by Architecti 2000 Chemiluminescence (Abbott, USA) using Abbott AxSYM Chemiluminescence (Abbott, USA). ALT was quantified by conventional biochemical analyzer, while neutrophils was quantified by conventional blood analyzer. HBV DNA was detected by Fosun hepatitis B virus nucleic acid detection reagent (magnetic bead method hypersensitivity reagent). HBV genotypes, not detected, were commonly B and C in China.

Including criteria: 1) CHB patients have been treated by NAs for more than 12 months, at the same time with HBsAg ≤1500 IU/mL. 2) HBeAg negative; as long as HBsAg negative conversion occurs, functional cure standards on HBeAg-negative patients can be achieved. When HBeAg is positive, even HBsAg converts to negative, but HBeAg is not negative, functional cure cannot be achieved. Hence, only HBeAg negative patients were enrolled to make the research more rigorous. 3) HBV DNA \<100 IU/mL.

Excluding criteria was as follows: 1) patients allergic to interferon; 2) patients with decompensated cirrhosis, or who had experienced decompensation cirrhosis; 3) leukocytes in the peripheral blood is \<3.5×10^9^/L and/or platelets is \<80×10^9^/L; 4) cardiovascular diseases, lung, kidney, brain lesions and fundus lesions in critical organs; 5) patients with autoimmune disorders, mental illness, diabetes, and thyroid dysfunction (hyperactivity or low); 6) patients diagnosed with or suspected of liver cancer and other malignant tumors; 7) patients with organ transplantation or are prepared for organ transplantation; 8) patients using immunosuppressants; 9) pregnancy or planning pregnancy within 2 years; 10) patients addicted to alcohol or drug; 11) patients with HIV, HCV, HAV, HEV infection or other liver diseases; and 12) the attending physician believed that there were other situations in which interferon therapy should not be used.

Outcome measurement
-------------------

According to the latest expert consensus on the concept of functional cure \[[@b5-medscimonit-26-e921487]--[@b7-medscimonit-26-e921487]\], a functional cure is diagnosed when the HBsAg load is lower than or equal to 0.05 IU/mL. HBsAg was detected by Architecti 2000 Chemiluminescence (Abbott, USA) using Abbott AxSYM Chemiluminescence (Abbott, USA).

Statistical analysis
--------------------

Note that the duration of treatment varies from patient to patient, and the average duration of treatment for 13 functionally cured patients out of a total of 151 patients was 96.38±36.29 days. We used 100 days as the reference treatment duration, and an affine transformation between actual duration and reference duration was performed on the detection time points of each patient. As a result, the treatment duration of each patient after the transformation was unified into the reference duration, and then the linear interpolation method was used to obtain the patients' daily HBsAg from the start of treatment to the end of reference duration. Note that the HBsAg kinetics is mainly related to the profile of HBsAg in each patient, regardless of their distance. The unified HBsAg per patient per day was used to obtain the corresponding symbol sequence (the increase was recorded as 1, stable was recorded as 0, and the decrease was recorded as −1). Then, the correlation was used as the metric between the symbol sequences of HBsAg, and the centroid clustering method of Q-type cluster analysis was used to explore its kinetic pattern.

The Shapiro-Wilk test was used to check the normality of quantitative data. Quantitative data were expressed as mean±standard deviation (SD) or median with its corresponding first and third quartiles (Q1--Q3) according to whether they followed normal distribution, and categorical data were expressed as frequencies or percentages. Categorical data were subjected to chi-square test. If the total sample size was smaller than 40 or the theoretical frequency was smaller than 5, Fisher's exact test was further performed. Independent sample *t*-test was performed for the comparison between 2 groups of quantitative data subject to normal distribution, while the comparison among multi-groups (more than or equal to 3 groups) was performed by one-way analysis of variance (ANOVA). The Mann-Whitney U test was performed for the comparison between 2 groups of quantitative data that did not follow normal distribution, while the comparison among multi-groups was done by Kruskal-Wallis one-way ANOVA.

The data were processed by Excel 2017 and Matlab R2018a. The statistical test was performed by IBM SPSS Statistics Version 22, and *P*\<0.05 was considered as a statistically significant.

Results
=======

Demographic information
-----------------------

From May 1, 2018 to January 31, 2019, a total of 151 patients with HBsAg levels of no less than 4 time points, and the average age was 36.79±6.99 years, including 120 males (average age 37.54±6.57 years) and 31 females (average age 33.90±7.77 years).

According to the functional cure criteria, a total of 13 patients met the criteria in our statistical cycle ([Table 1](#t1-medscimonit-26-e921487){ref-type="table"}), of which 6 patients had baseline HBsAg of no higher than 10 IU/mL (all male, average age 38.83±6.67 years), minimal baseline HBsAg was 0.1 IU/mL, while the maximum baseline HBsAg was 3.4 IU/mL. The shortest cure time was 42 days, while the longest was 108 days. The remaining 7 patients had baseline HBsAg level higher than 10 IU/mL (2 females, 5 males, average age 34.43±4.14 years), the minimal baseline HBsAg was 34.65 IU/mL, whereas the maximum baseline HBsAg was 550 IU/mL, the shortest cure time was 77 days, while the longest cure time was 167 days.

During the statistical cycle, a total of 138 patients did not meet the functional cure criteria, and their age, gender, and baseline HBsAg are shown in [Table 2](#t2-medscimonit-26-e921487){ref-type="table"}. Note that the shortest treatment duration in the 138 uncured patients was only 21 days, and the analysis of such patient has limited clinical significance except for more information interference. We further screened the uncured patients with more than or equal to 8 time points (i.e., treatment time longer than or equal to 56 days, approximately 2 months). As a result, 116 uncured patients were included in the follow-up kinetic pattern analysis, and the distributions of age, sex, baseline HBsAg are also listed in [Table 2](#t2-medscimonit-26-e921487){ref-type="table"}.

Analysis of functionally cured patients
---------------------------------------

### Relationship between cure duration and baseline HBsAg

According to the Shapiro-Wilk test, the baseline HBsAg of the 13 functionally cured patients did not subject to the normal distribution (*P*=0.001). Therefore, the Spearman correlation analysis was performed to analyze the baseline HBsAg and its cure duration. The result showed that the correlation coefficient was statistically significant (r'=0.595, *P*=0.032), indicating that there is a statistical correlation between baseline HBsAg and cure time.

Based on the Shapiro-Wilk test again, the cure durations of both patients with baseline HBsAg less than 10 IU/mL (n=6) and greater than 10 IU/mL (n=7) were subject to normally distributed (*P*\>0.05). Thus, *t*-test was performed, and the results showed that their difference was statistically significant ([Table 3](#t3-medscimonit-26-e921487){ref-type="table"}), suggesting that the higher baseline HBsAg means the longer functional cure duration.

### HBsAg kinetics of the functionally cured patients

The original time series of HBsAg in all 13 functionally cured patients are shown in [Supplementary Figure 1](#s1-medscimonit-26-e921487){ref-type="supplementary-material"}. Taking the reference treatment duration as 100 days, performing the affine transformation and linear interpolation, we can find the affine transformation in time do not change the pattern of HBsAg itself ([Supplementary Figure 2](#s2-medscimonit-26-e921487){ref-type="supplementary-material"}).

Q-type clustering analysis of their symbol sequences revealed that all HBsAg in 13 functionally cured patients can be attributed to 3 kinetic patterns. Both patterns 1 and 2 contain 6 patients, while pattern 3 contains only 1 patient (ID 103232). In order to comprehensively characterize the kinetic patterns of each type, we first use the median time series of daily HBsAg of all patients to illustrate their kinetic patterns ([Figure 1A, 1C, 1E](#f1-medscimonit-26-e921487){ref-type="fig"}). Then, according to clinical experience, we focus on the daily change proportion of HBsAg relative to its baseline HBsAg, which is defined as 100×(day i^th^ antigen amount--baseline antigen amount)/baseline antigen amount. A positive value indicates an increase in antigen, while a negative value indicates a decrease in antigen. Similarly, the median time series of daily change proportions of all patients were used to illustrate their kinetic patterns ([Figure 1B, 1D, 1F](#f1-medscimonit-26-e921487){ref-type="fig"}). From [Figure 1](#f1-medscimonit-26-e921487){ref-type="fig"}, 3 kinetic patterns can be summarized as follows: 1) a sharp rise at first, then continue to fall (inverted V type, [Figure 1A, 1B](#f1-medscimonit-26-e921487){ref-type="fig"}); 2) a slow rise at first, and then a wave/platform period, finally, a continuous decline (M or inverted U type, [Figure 1C, 1D](#f1-medscimonit-26-e921487){ref-type="fig"}); 3) continued decline (L type, [Figure 1E, 1F](#f1-medscimonit-26-e921487){ref-type="fig"}).

Furthermore, to understand the differences between HBsAg kinetic patterns of the functional cured patients, stratified analysis was made on the baseline of HBeAg, ALT and neutrophils. Because there was only 1 patient in pattern 3 (L type), Mann-Whitney U test was performed between pattern 1 (inverted V type) and pattern 2 (M or inverted U type). The results showed that there was no significant difference between pattern 1 and 2 ([Table 4](#t4-medscimonit-26-e921487){ref-type="table"}, *P*\>0.05).

Analysis of uncured patients
----------------------------

### Time series of HBsAg levels

For the screened 116 cases of uncured patients, their time series of HBsAg were shown in [Supplementary Figure 3](#s3-medscimonit-26-e921487){ref-type="supplementary-material"}. Comparing with [Supplementary Figure 1](#s1-medscimonit-26-e921487){ref-type="supplementary-material"}, we can find that the uncured patients' HBsAg kinetics is far more complex than that in the cured patients.

### HBsAg kinetics of the uncured patients

Similar to functionally cured patients, we first unified the treatment duration to the reference duration (100 days) and then obtained all 116 uncured patients' symbol sequences. After that, Q-type clustering analysis was performed. Considering that there may be more kinetic patterns in uncured patients, we first set the cluster number range to 3--10, and then combined with clinical experience, 5 clusters were finally selected to be studied. The distribution of patients in each cluster was shown in [Table 5](#t5-medscimonit-26-e921487){ref-type="table"}. One-way ANOVA showed that the age was no significant difference among the 5 clusters of patients (F(4,114)=0.648, *P*=0.630). Determined by Kruskal-Wallis one-way ANOVA, the difference of baseline HBsAg and length of treatment up to January 31, 2019 were statistically significant among the 5 clusters patients (χ^2^(4)=10.411, *P*=0.034 and χ^2^(4)=11.529, *P*=0.021).

Similarly, based on the daily HBsAg of each patient after affine transformation, both the median time series of daily HBsAg ([Figure 2A, 2C, 2E, 2G, 2I](#f2-medscimonit-26-e921487){ref-type="fig"}) and change proportions ([Figure 2B, 2D, 2F, 2H, 2J](#f2-medscimonit-26-e921487){ref-type="fig"}) of all patients were used to illustrate their kinetic patterns. From [Figure 2](#f2-medscimonit-26-e921487){ref-type="fig"}, 5 kinetic patterns can be summarized as follows: 1) a sharp rise at first, and then continues to fall (inverted V/inverted U type, [Figures 2A, 2B](#f2-medscimonit-26-e921487){ref-type="fig"}); 2) a relatively long refractory/platform period at first, and then slowly declines (Z-type, [Figure 2C, 2D](#f2-medscimonit-26-e921487){ref-type="fig"}); 3) a slow rises at first, then a fluctuation period during which the level continues to gradually decrease, and finally continues to decline (M+W+M type, [Figure 2E, 2F](#f2-medscimonit-26-e921487){ref-type="fig"}); 4) a short refractory period at first, then a sudden sharp increase, follows a short fluctuation/platform period, then quickly decreased and finally remains in platform period (inverted Z+W+Z type, [Figure 2G, 2H](#f2-medscimonit-26-e921487){ref-type="fig"}); 5) a short refractory period at first, follows a sudden and sharp decrease, and then continued to gradually reduce during a short period of fluctuation/platform (Z+W type, [Figure 2I, 2J](#f2-medscimonit-26-e921487){ref-type="fig"}).

Note that there were 5 kinetic patterns in the uncured patients. Based on the Kruskal-Wallis one-way ANOVA, stratified analysis for the patterns was made on the baseline of HBeAg, ALT and neutrophils. The results showed that there was no significant difference among the patterns ([Table 6](#t6-medscimonit-26-e921487){ref-type="table"}, *P*\>0.05).

Prognosis empirical model based on the kinetic patterns of uncured patients
---------------------------------------------------------------------------

Note that the goal of functional cure is to make HBsAg less than or equal to 0.05 IU/mL. Thus, a long rising or refractory/platform period during the treatment may correspond to a poor clinical outcome. Conversely, a continued gradual decline or a gradually decreased fluctuation indicates a better clinical outcome, even if there is a transient sharp rise or refractory/platform period. According to the kinetic patterns in [Figure 2](#f2-medscimonit-26-e921487){ref-type="fig"}, with different baseline HBsAg, we can roughly propose the following prognosis empirical model: 1) patients who show kinetic pattern 1 have the most satisfactory prognosis; 2) patients who show kinetic patterns 3 or 4 have acceptable prognosis; 3) patients who show kinetic patterns 2 or 5 have poor prognosis, and may require longer treatment to have a better prognosis. Especially, for the pattern 2 (Z type), patients may require other therapeutic intervention strategies to overcome the long-term platform/refractory period, so as to achieve a better clinical outcome.

It is worth noting that there were another 13 patients in the present study who had reached the functional cure criteria up to May 4, 2019, among them 8 cases belonged to pattern 1, both patterns 3 and 4 included 2 cases, and only 1 case belonged to pattern 5 ([Table 7](#t7-medscimonit-26-e921487){ref-type="table"}). This was generally consistent with the aforementioned empirical model.

Discussion
==========

During the treatment process of CHB, the detection of HBV particles in peripheral blood serves as the main indicator of complete sterilizing cure in the past, in which the kinetics of HBV particles is the focus of attention \[[@b11-medscimonit-26-e921487],[@b12-medscimonit-26-e921487]\]. Nowadays, the concept of functional cure has been increasingly accepted by clinicians and become expert consensus \[[@b5-medscimonit-26-e921487]--[@b7-medscimonit-26-e921487]\]. Therefore, the study of kinetic pattern of HBsAg during the treatment has gradually gained more and more attention.

The present study reviewed the clinical cohort data of interferon treatment on CHB patients in ZJU4H from May 1, 2018 and analyzed the kinetics of HBsAg. According to cluster analysis, we found that there were 3 and 5 kinetic patterns in the cured and uncured patients, respectively. Furthermore, a prognosis empirical model was roughly proposed based on the kinetic patterns of uncured patients. Using the empirical model and combining the information in [Table 5](#t5-medscimonit-26-e921487){ref-type="table"}, we believe that long-term interferon therapy will be benefit to control HBV infection, though longer fluctuation or refractory/platform period may occur during the treatment ([Figure 2C, 2D, 2I, 2J](#f2-medscimonit-26-e921487){ref-type="fig"}). However, according to the baseline HBsAg shown in [Tables 1](#t1-medscimonit-26-e921487){ref-type="table"} and [7](#t7-medscimonit-26-e921487){ref-type="table"}, we further recommend that patients with lower baseline HBsAg will have a better prognosis if they are treated by interferon therapy as early as possible, which is also verified in a recent study \[[@b10-medscimonit-26-e921487]\].

According to the relationship between cure duration and baseline HBsAg, we can conclude that the clinical cure duration is closely related to baseline HBsAg \[[@b13-medscimonit-26-e921487],[@b14-medscimonit-26-e921487]\]. In general, the higher baseline HBsAg, the longer it takes to reach functional cure, which is consistent with the conclusions in \[[@b8-medscimonit-26-e921487],[@b10-medscimonit-26-e921487],[@b15-medscimonit-26-e921487]\].

For the 5 kinetic patterns of HBsAg in uncured patients, we found that there were statistically significant in baseline HBsAg and length of treatment up to January 31, 2019. For baseline of HBeAg, ALT and neutrophils, although current stratified analyses indicated that there was no significant difference between the 5 kinetic patterns ([Table 6](#t6-medscimonit-26-e921487){ref-type="table"}), we could find a trend from the absolute value of the medians in each pattern, that was, smaller baseline HBeAg/ALT and larger neutrophils might lead to better clinical prognosis. Those may be related to the difference in HBeAg seroconversion rates in patients with different baseline HBsAg during treatment \[[@b16-medscimonit-26-e921487]\]. Note that the safety of Peg-IFN-a treatment for 72--96 weeks has been confirmed \[[@b15-medscimonit-26-e921487]\] and extending Peg-IFN-a treatment to 72--96 weeks allows more patients to obtain HBsAg clearance \[[@b17-medscimonit-26-e921487]\]. A continue longer treatment is recommended to achieve the desired treatment endpoint except for pattern 2 (Z type) and pattern 5 (Z+W type), in which the therapeutic regime should be timely adjusted to improve the sustained response rate and reduce patients' medical burden \[[@b7-medscimonit-26-e921487]\]. Furthermore, a prognosis empirical model was roughly proposed and preliminarily tested by the renewed clinical cohort data.

Though the obtained HBsAg kinetic patterns and the proposed prognosis empirical model may provide practical evidence to achieve higher therapeutic goals through continuous interferon treatment, the present study still had certain limitations. For example, as the systemic interferon therapy for CHB has been implemented for a relatively short period in our hospital, the effective sample size was still small, especially the number of functionally cured patients. Thus, we will continue to collect clinical data and obtain more robust kinetic patterns of HBsAg. Furthermore, as the sample size increases, we will consider more potential factors, such as gene stratification, etc. Those will be left to us for future study.

Conclusions
===========

Generally speaking, during the early treatment with Peg-IFN-a, there was a significant positive correlation between functional cure time and baseline HBsAg, and the treatment is conducive to the control of the progress of virus infection, especially in patients with lower baseline HBsAg. The HBsAg level will show several specific kinetic patterns in patients under long-term interferon therapy, and the kinetic patterns are related to patients' clinical outcome. The continuous decline or decreasing fluctuation of HBsAg means better clinical outcome, even if there was a brief sharp rise or non-response/platform period during the treatment. According to the empirical model, for patients with second (Z type) and fifth (Z+W type) kinds of patterns, we recommend that the therapeutic regime should be timely adjusted to improve the sustained response rate and reduce patients' medical burden. While for the rest of patterns' patients, it is recommended to continue treatment for a longer period of time to achieve the desired therapeutic goal.

Supplementary Data
==================

###### 

HBsAg dynamics patterns before and after affine transformation of detection time. (**A, B**) The baseline HBsAg dynamics patterns over the treatment time of 2 patients with IDs 414394 and 243776; (**C, D**) their baseline HBsAg level changes after affine transformation based on baseline treatment duration. The results show that affine changes in time will not change the regularity of HBsAg levels in each patient.

###### 

HBsAg dynamics patterns of 13 functionally cured patients. (**A**) Results of 6 patients with baseline HBsAg levels not higher than 10. (**B**) Results of 7 patients with baseline HBsAg levels higher than 10.

###### 

HBsAg dynamics patterns of 116 patients without functional cure. (**A**) When baseline HBsAg level is less than or equal to 10. (**B**) When baseline HBsAg level is greater than 10 and less than or equal to 75. (**C**) When baseline HBsAg level is greater than 75 and less than or equal to 600. (**D**) When baseline HBsAg level is greater than 600 and less than or equal to 1000. (**E**) When baseline HBsAg level is greater than 1000 and less than or equal to 5000. (**F**) When baseline HBsAg level is greater than 5000 and less than or equal to 10 000. (**G**) When baseline HBsAg level is greater than 10 000 and less than or equal to 20 000. (**H**) When baseline HBsAg level is greater than 20 000.
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![Illustration of the kinetic patterns of HBsAg in functionally cured patients. (**A, C, E**) The median time series of daily HBsAg for each pattern. (**B, D, F**) The median time series of daily change proportions for each pattern.](medscimonit-26-e921487-g001){#f1-medscimonit-26-e921487}

![Illustration of the kinetic patterns of HBsAg in uncured patients. (**A, C, E, G, I**) The median time series of daily HBsAg for each pattern. (**B, D, F, H, J**) The median time series of daily change proportions for each pattern.](medscimonit-26-e921487-g002){#f2-medscimonit-26-e921487}

###### 

Basic information of functionally cured patients.

  ID       Gender   Age (years)   Baseline HBsAg (IU/mL)   Treatment duration (days)
  -------- -------- ------------- ------------------------ ---------------------------
  467029   Male     53            3.4                      88
  492622   Male     40            0.1                      49
  24386    Male     37            1.36                     49
  76908    Male     34            2.12                     97
  414394   Male     34            0.17                     42
  80144    Male     35            0.53                     108
  474914   Male     44            34.65                    91
  267849   Male     34            263.82                   126
  103232   Male     34            338.72                   121
  271387   Female   30            490.31                   167
  495742   Male     32            59.31                    91
  243776   Female   33            82.9                     147
  56338    Male     34            550.0                    77

###### 

The distributions of age, sex, baseline HBsAg for uncured patients.

  Baseline HBsAg (IU/mL)   Cases     Age (years)               Male      Female
  ------------------------ --------- ------------------------- --------- --------
  (0, 10)                  8 (6)     38.33±8.24 (37.13±7.54)   6 (5)     2 (1)
  (10, 75)                 21 (19)   35.95±5.92 (36.57±5.96)   20 (19)   1 (0)
  (75, 600)                24 (18)   38.44±7.02 (39.13±8.19)   15 (11)   9 (7)
  (600, 1000)              22 (18)   39.00±8.60 (37.91±8.57)   17 (15)   5 (3)
  (1000, 5000)             30 (25)   37.08±5.28 (37.40±5.51)   25 (20)   5 (5)
  (5000, 10000)            11 (10)   33.40±6.02 (33.27±5.75)   10 (9)    1 (1)
  (10000, 20000)           8 (7)     35.00±6.39 (33.50±7.18)   5 (4)     3 (3)
  (20000, ∞)               14 (13)   34.85±5.27 (34.86±5.08)   11 (10)   3 (3)

Numbers outside the bracket are data for 138 uncured patients. The numbers within the bracket are data for the screened 116 patients, i.e., treatment duration longer than or equal to 56 days.

###### 

Comparison of cure duration between different baseline HBsAg groups (mean±standard deviation).

                         Baseline HBsAg ≤10 IU/mL (n=6)   Baseline HBsAg \>10 IU/mL (n=7)   t       P
  ---------------------- -------------------------------- --------------------------------- ------- -------
  Cure duration (days)   72.17±28.76                      117.14±32.78                      2.606   0.024

###### 

Stratified analysis for HBsAg Kinetics of the functionally cured patients.

  ---------------------------------------------------------------------------------------------------------------------------------------------
  Pattern     Baseline HBeAg (IU/mL, median (Q1, Q3))   Baseline ALT (U/L, median (Q1, Q3))   Baseline neutrophils (10^9^/L, median (Q1, Q3))
  ----------- ----------------------------------------- ------------------------------------- -------------------------------------------------
  Pattern 1   0.47(0.39, 49.46)\                        53.00(28.00, 85.50)\                  3.05(1.85, 3.73)\
              (n=5)                                     (n=6)                                 (n=6)

  Pattern 2   0.41(0.30, 0.59)\                         73.00(15.50, 259.00)\                 3.40(2.08, 4.85)\
              (n=5)                                     (n=5)                                 (n=6)

  Z           1.278                                     0.313                                 0.882

  P           0.247                                     0.841                                 0.394
  ---------------------------------------------------------------------------------------------------------------------------------------------

n is sample number.

###### 

Distribution of five clusters from 116 uncured patients.

  Cluster            Male   Female   Age (years, means±SD)   Baseline HBsAg levels (IU/mL, median (Q1, Q3))   Length of treatment (days, median (Q1, Q3))
  ------------------ ------ -------- ----------------------- ------------------------------------------------ ---------------------------------------------
  Cluster 1 (n=50)   41     9        37.88±7.33              721.52 (73.28, 1767.85)                          119.50 (91.00,151.75)
  Cluster 2 (n=6)    4      2        37.33±6.19              505.40 (25.98, 10134.47)                         153.50 (135.25,178.75)
  Cluster 3 (n=38)   29     9        35.87±6.18              1714.03 (757.75, 17297.88)                       135.50 (89.50,154.50)
  Cluster 4 (n=15)   12     3        35.87±7.91              763.51 (222.00, 5425.26)                         77.00 (70.00,150.00)
  Cluster 5 (n=7)    7      0        35.29±4.39              12097.10 (34.12, 34870.00)                       149.00 (125.00,168.00)
  Total (n=116)      93     23       36.78±6.82              909.44 (156.91, 5356.35)                         132.00 (90.25,154.00)

###### 

Stratified analysis for HBsAg kinetics of the uncured patients.

  ---------------------------------------------------------------------------------------------------------------------------------------------
  Pattern     Baseline HBeAg (IU/mL, median (Q1, Q3))   Baseline ALT (U/L, median (Q1, Q3))   Baseline neutrophils (10^9^/L, median (Q1, Q3))
  ----------- ----------------------------------------- ------------------------------------- -------------------------------------------------
  Pattern 1   0.45 (0.38, 27.28)\                       25.00 (18.25, 55.75)\                 3.65 (2.50, 4.30)\
              (n=33)                                    (n=42)                                (n=46)

  Pattern 2   0.53 (0.51, 18.09)\                       31.00 (13.25, 255.75)\                3.00 (2.65, 3.65)\
              (n=3)                                     (n=4)                                 (n=4)

  Pattern 3   1.23 (0.41, 870.21)\                      42.00 (20.00, 124.25)\                3.15 (2.80, 4.10)\
              (n=33)                                    (n=36)                                (n=36)

  Pattern 4   0.51 (0.31, 11.81)\                       37.50 (23.25, 137.25)\                3.20 (3.00, 3.70)\
              (n=12)                                    (n=14)                                (n=)15

  Pattern 5   124.64 (0.34, 1012.55)\                   89.90 (45.50, 226.50)\                3.10 (2.90, 3.80)\
              (n=6)                                     (n=5)                                 (n=7)

  χ^2^        4.932                                     5.936                                 1.922

  P           0.294                                     0.204                                 0.750
  ---------------------------------------------------------------------------------------------------------------------------------------------

n is sample number.

###### 

Information of 13 new functionally cured patients.

  ID       Gender   Age (years)   Baseline HBsAg (IU/mL)   Treatment duration (days)   Pattern
  -------- -------- ------------- ------------------------ --------------------------- ---------
  379951   Male     32            32.08                    196                         1
  34472    Male     43            77.87                    168                         1
  69976    Male     30            31.7                     195                         1
  292154   Male     32            13.42                    98                          1
  517077   Male     31            23.9                     90                          1
  417389   Male     40            30.26                    133                         1
  75165    Male     43            224.36                   251                         1
  19196    Female   31            623.58                   149                         1
  91684    Male     44            788.63                   251                         3
  130152   Male     41            1.43                     216                         3
  198746   Male     46            2.16                     167                         4
  414897   Male     37            11.02                    140                         4
  17603    Male     29            22.43                    210                         5
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